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Fluid flow in a screw pump which rotates at very high angular velocity is numerically analyzed. In the present 


study, fluid flow in screw pumps under high Reynolds number, of the order of 10°, is considered. Screw pump has 


two major elements, a plain shroud which is a stationary element and a rotating hub with helical grooves con- 


tained within the shroud. In this paper, three variants of hubs with different number of thread starts numbering six, 


eight and twelve in combination with a plain shroud is studied. Each of the three possible combinations are ana- 


lyzed on the basis of pressure rise developed, efficiency and shaft power. It was seen that pressure rise, efficiency 


and shaft power increases as the number of threads increases in the range of mass flow rates studied. 
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Introduction 


Screw pump is a typical axial flow rotary pump. It 
works on the basic principle of the turning of the screw 
(hub) to convey a volume of fluid through its helical 
channels by imparting tangential velocities to it which in 
turn increases the kinetic energy of the fluid. This kinetic 
energy is converted to pressure energy at outlet. 

Invention of screw pump is credited to Archimedes 
who lived around third century BC. Since then it has be- 
come popular for many common applications such as 
pumping water for irrigation purposes. Presently, screw 
pumps are mainly used in the field of extrusion industry, 
petrochemical engineering, machinery and agriculture for 
single-phase liquid transportation, solid-liquid mixed 
transportation and gas-liquid mixed transportation. Dif- 
ferent types of screw pump such as; twin spindle screw 
pumps, three spindle screw pumps and labyrinth screw 
pumps have been modeled and studied over the years. 

Numerous studies have been conducted on the design, 
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working and performance of screw pumps. Campbell et 
al [1] studied the drag flow in the screw pump at low 
r/min experimentally by rotating the barrel and screw 
separately They proposed an expression connecting the 
flow rate, rotational velocity and a constant based on the 
screw helix geometry. Li and Hsieh [2] developed an 
analytical model for a screw pump which pumps highly 
viscous fluids and provided a more detailed prediction. 
The main assumption was that all inertial terms can be 
neglected since they are inconsequential compared to the 
viscous terms. Alves et al [3] further developed this ana- 
lytical model by studying the flow inside the screw pump 
with a low viscous fluid. They used this analytical model 
to predict the flow for a screw pump supplying oil into 
reciprocating compressors [4]. 

Recently numerous studies have been conducted on 
labyrinth screw pumps. In 2010 a CFD analysis on tri- 
angular threaded labyrinth screw pumps was done by Ma 
and Wang [5] explaining how the screw pump behaves 
under varying diametric clearances. They concluded that 
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Nomenclature 
Dz Hydraulic diameter of the screw channel (m) 
h Height of the screw thread (m) 
P Pressure (Pa) 
r Average radius of the fluid domain (m) 
PV ye XD 
Re Reynolds number, ——“2—* 
u Velocity in x direction (m/s) 
v Velocity in y direction (m/s) 
y Average velocity of the fluid in the 
g screw channel 
k Turbulent kinetic energy 
v Velocity Vector 


fitting clearances have no effect on drag on the rotor 
hence have no effect on the pump. Based on Prandtl’s 
mixing length theory, they also developed a mathematical 
model for modelling two-dimensional Reynolds stress 
equations for screw pump applications [6]. 

In this study, turbulent interaction between the fluid in 
the screw grooves and the fluid in the sleeve grooves 
which increases the pump head was analyzed. Flow in 
the screw pump with different shapes of grooves was 
analyzed and a constant to characterize the pump total 
head was developed. They found that increasing the 
number of threads increases the head coefficient and in- 
creasing the aspect ratio decreases the head coefficient. 
But in most of all these studies, the angular velocity of 
the pump was low, less than 3000 r/min. The results are 
validated only for laminar flow conditions. Therefore, a 
new model is required to analyze the flow under highly 
turbulent conditions. 

Numerical analysis of fluid flow in a screw pump ro- 
tating at very high angular velocity is carried out in the 
present study using ANSYS CFX solver. The effect of 
increasing the number of blades for a screw pump with 
threaded hub and a plain shroud is studied. Turbulence 
modelling was done using SST k-@ model [7]. The screw 
pump is modelled as two parts, a hub, rotor with helical 
channels, and a shroud, stator, which covers the hub so as 
to contain the flow driven by the hub. Based on the pres- 
sure developed, efficiency and shaft power three different 
combinations of hub and shroud are analyzed over a 
range of flow rates at constant speed. Water at 25°C is 
used as the simulating fluid. Trapezoidal threads are used 
in this study. Three sets each of hub are selected with the 
same shroud and a total of three combinations are ob- 
tained. The shroud selected is plain and contains no in- 
ternal thread grooves. Three sets of hubs with six, eight, 
twelve thread starts (TS) are selected. 

All the threads are left handed threads with a lead of 
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w Velocity in z direction (m/s) 

W Cross sectional base width of the screw thread 
Greek letters 

6, B* Turbulence model constants 


E Turbulence dissipation rate 


Dynamic viscosity of the simulating fluid 
# (kg/m-s) 


P Density of the simulating fluid (kg/m*) 
o Turbulence model constants 
o Specific dissipation rate 


72mm. In all these cases the thread shape is kept constant 
with a height of 2mm and cross sectional base width of 
2.5mm. Included angle of the thread is taken as 30°. 
Cross sectional view of the thread is illustrated in Fig.1. 
Diameter of hub shaft is 69mm with threads on top of it 
which will result in a hub outer diameter of 73mm. In- 
ternal diameter of the shroud is taken as 73mm as no 
diametrical clearance is modeled. Total axial length of 
the pump is 34mm. 


w 


Fig. 1 Cross sectional view of screw thread 
CFD Modelling 


Fluid domain of the pump was modified as per the 
above geometry. Buffer zones are provided at the inlet 
and outlet to capture entry and exit phenomena. 

Because of the complexity of the geometry, unstruc- 
tured tetrahedral elements are used to mesh the groove of 
the hub and shroud with number of prism layers not less 
than 30. Local y+ on the walls of hub and shroud is less 
than 2 for SST k-o turbulence model. The resulting grid 
size was 8 million elements to 10 million elements de- 
pending on the geometry. 

Inlet pressure is specified at the inlet boundary and 
with medium turbulence intensity (5%). Mass flow rate is 
specified at the outlet. The screws of the hub is main- 
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tained as a rotating wall and the shroud wall is main- 
tained as stationary wall. Screw is rotated about the 
z-axis at a constant rotating speed of 19000 r/min in such 
a way that it pushes the fluid in the positive z axis direc- 
tion. Working fluid is water with constant properties. 

The model selected is the moving reference frame 
(MRF) model and the continuity and momentum equa- 
tions are discretized by the higher order discretization 
and solved by the pressure velocity coupled algorithm in 
CFX. Since the fluid flow in screw pump is turbulent 
with high Reynolds number, of the order of 10°, SST k-o 
turbulence model is selected since it can capture the flow 
under adverse pressure gradients and has given better 
results for similar problems [5] in literature. The hydrau- 
lic power of the screw pump is calculated as the product 
of the torque on the hub and the angular velocity of the 
screw in rad/s. 


Outlet 
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Fig.2 Cut section of 6 TS hub pump 
Governing Equations 


Governing equations used in present study [7] are: 
Continuity equation: 


—+—+—=0 (1) 


Momentum equations: 
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The two equations of the turbulence model [8] are: 
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Results and Discussion 


Three combinations of hub and the shroud were ana- 
lyzed. On comparing the combinations as shown in Fig. 3, 
the pressure rise developed for the 8TS hub pump was 
higher than that of 6TS hub pump but the pressure rise 
developed for the 12TS hub pump was higher than both. 
This shows a relation between pressure rise and number 
of threads in the hub. As the number of threads in the hub 
is increased, pressure rise is also seen to have increased. 
But at a higher mass flow rate (2.53 kg/s), the pressure 
rise developed for all the combinations were almost same. 
Figures 4-6 shows the pressure contours on a blade to 
blade view of the pumps with 6TS, 8TS and 12TS re- 
spectively. 
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Fig.3 Pressure rise vs Mass Flow 
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From the efficiency curve (Fig 7) it is seen that the 
maximum efficiency is for 12TS hub followed by 8TS 
hub and 6TS hub respectively. Also it is seen that the 
efficiency curve shifts to the left when the number of 
threads in the hub is increased. This is due to the fact that 
when the number of threads in the hub are increased, the 
cross sectional area of the pump reduces. 

For a constant angular velocity, when the cross-sec- 
tional area gets reduced, mass flow rate corresponding to 
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zero pressure rise decreases. This shifts the efficiency 
graph to the left [9] as the threads on the hub are increased. 

From shaft power vs mass flow graph (Fig. 8), it is 
clear that as the number of threads are increased, the 
power consumed is also increased. 

When the number of threads are increased keeping the 
angular velocity and mass flow rate as a constant, the 
outlet flow velocity will be less deviated from its in- 
tended path. Thus the pressure rise and efficiency will be- 


Fig. 4 Blade to blade view of screw Fig. 5 Blade to blade view of screw Fig. 6 Blade to blade view of screw 


pump with 6TS hub with a close 
up view of inlet and outlet blade 
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Fig.7 Efficiency vs Mass Flow 


pump with 8TS hub with a close 
up view of inlet and outlet blade 


pump with 12 TS hub with a 
close up view of inlet and outlet 
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Fig. 8 Shaft Power vs Mass Flow 
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more when the number of threads are increased. However, 
the increase in pressure rise is much greater than the in- 
crease in efficiency resulting in more shaft power con- 
sumption. 

To verify the effect of increasing the number of 
threads, the maximum absolute flow rate that is achieva- 
ble by each combination of the plain shroud with differ- 
ent hubs when the number of threads are increased 
beyond 12 were analyzed. A total of eight combinations 
were considered with hubs of 12, 13, 14, 15, 16, 17, 18 
and 20 thread starts respectively. 

Theoretically, a pump achieves maximum absolute 
flow rate when it produces zero pressure rise. This condi- 
tion is achieved when the pump operates at the same inlet 
and outlet pressure. 

Although this condition is a theoretical concept and is 
impossible to achieve practically, (as every pump will 
have a small amount of frictional head loss that has to be 
achieved by the pump in order to maintain a continuous 
flow through the pump) this parameter can be used to 
compare the maximum capabilities of a pump. The pump 
is expected to produce a mass flow rate of at least 2.3kg/s. 

From the Fig. 9, it is seen that when the number of 
threads is less than 13, the maximum absolute mass flow 
rate is above the desired value. But while using 13TS hub, 
the maximum absolute mass flow rate is closer to the 
design mass flow rate, thus the pressure rise developed at 
2.3 kg/s will be low. When the number of threads in the 
hub is increased beyond 13, a significant drop in maxi- 
mum absolute mass flow rate is observed. If the require- 
ment of the problem was a mass flow rate less than, say 
2.3kg/s, we would have chosen the hub with correspond- 
ing number of thread starts or less. Since we expect a 
mass flow rate of at least 2.3 kg/s, we should choose 
hubs with thread starts less than 13. Hence thread starts 
numbering 6,8 and 12 were chosen in the present study. 
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Fig. 9 Maximum Absolute Mass Flow Rate vs Number of 
threads in hub 


But there is another constraint in the form of angular 
velocity which is 19000 r/min. So the pump should have 
a sufficient mass flow rate and should yet produce the 
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maximum pressure rise working at the constant angular 
velocity. Recalling Fig 3, at this constant mass flow rate 
(2.3kg/s) and angular velocity (19000r/min), hub with 12 
TS produces maximum pressure rise. But if we increase 
the number of threads in the hub keeping the mass flow 
rate constant, the pump will not produce enough pressure 
rise as it cannot produce that mass flow rate. From these 
two observations, it can be said that with a plain shroud, 
the optimum number of threads on the hub should be 12 
in order to achieve the maximum pressure rise at a con- 
stant mass flow rate and the constant angular velocity. 


Conclusion 


In the present analysis, performance of three variants 
of single screw pump at a constant angular velocity was 
analyzed. The number of thread starts was increased from 
6 to 20. The conclusions made are presented as follows: 

a) The pressure rise obtained showed an increasing 
trend as the number of threads were increased. This is 
due to the better guidance of the working fluid as the 
number of threads is increased. Better guidance reduces 
the slip angle at the screw pump outlet there by increas- 
ing the tangential component of velocity and hence the 
pressure rise. As the pressure rise increases, so does the 
power consumed by the pump. 

b) Reduction in slip angle at the outlet results in an in- 
crease in the pump efficiency. 

c) The optimum number of threads for the hub of a 
screw pump with the design as stated in this paper is 12. 
Beyond 13TS the pump will not meet the required con- 
straints and at 13 TS, the pressure rise developed will be 
really small. 

d) These results were obtained for models with no 
diametrical clearance which is a hypothetical situation. 
From literature it is known that when diametrical clear- 
ance is added, the pressure rise will get reduced [6]. But 
due to computational limitations, modelling of diame- 
trical clearance was not considered in this study. 
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